Introduction: Dysmenorrhea (period pain) is common and affects around three quarters of all young women under the age of 25. The majority of young women, for a variety of reasons, think of period pain as 'normal' and something to be managed or endured. This normalisation of pain often is reinforced by family and friends and results in young women using selfcare strategies to manage their pain rather than seeking medical advice. This systematic review and meta-analysis examined observational studies reporting on the prevalence of different types of self-care, both pharmaceutical and non-pharmaceutical, self-rated effectiveness of self-care and the sources of information on menstruation in young women under 25 Methods: A search of Medline, PsychINFO, EMBASE and CINAHL in English was carried out from 1980 to December 2018. Studies that reported on menstrual self-care strategies in young women were included. Results: Nine hundred and forty-seven articles were screened. Twenty-four studies including 12,526 young women were eligible and included in the meta-analysis. Fifteen studies were from low, lower-middle or upper-middle-income countries (LMIC) and nine studies were from high income countries (HIC). Self-care was used by over half of all young women (55%, 95%CI 34.1-74.3) with both pharmaceutical (48%, 95%CI 40.0-57.0) and non-pharmaceutical (51.8%, 95%CI 31.3-71.7) options used. Paracetamol was the most common analgesic used (28.7%, 95%CI 19.6-39.9) but did not always provide sufficient pain relief in almost half of those using it. Contraceptive use was significantly higher (P<0.001) in HIC (22%) compared to LMIC (1%). Only 11% (95%CI 8.4-15.2) of young women reported seeing a medical doctor for their period pain. Conclusions: Self-care usage, both pharmaceutical and non-pharmaceutical, was common, but young women were not necessarily choosing the most effective options for pain management. High-quality information on self-care for period pain is urgently needed.
Introduction Dysmenorrhea (period pain) is common and our recent meta-analysis shows dysmenorrhea affects around three quarters of all young women under the age of 25 worldwide [1] . Primary dysmenorrhea is defined as menstrual pain in the absence of underlying pathology [2, 3] and is the most common cause of dysmenorrhea in young women under the age of 25 [4] . In addition to painful cramps, many women with dysmenorrhea experience other menstrual related symptoms including back and thigh pain, headaches, diarrhoea, nausea and vomiting [5] .
Dysmenorrhea or its associated symptoms often result in a reduction in classroom performance and increased absenteeism at school and tertiary education [1] . Despite this negative impact, most young women frame period pain as a normal part of being a woman [6] , a common theme across varying geographic and ethnic boundaries [7, 8] . In addition, some countries such as Sri Lanka, Nigeria and India, have traditionally held strong taboos related to menstruation [9] [10] [11] . This in turn may impact how women manage their menstrual pain due to their beliefs and attitudes and/or a lack of accurate information [12] .
In managing their period pain, many young women primarily use self-care. Self-care includes physical (e.g exercise, stretching or rest), pharmacological (e.g analgesic medication), non-pharmacological (e.g herbal medicine, heat) or psychological strategies (e.g prayer or meditation) that are usually undertaken by women themselves without seeking medical advice [13] . In the case of period pain these commonly include over the counter (OTC) analgesic medications (e.g. ibuprofen and paracetamol), rest and the application of heat [7, 8, [14] [15] [16] [17] [18] [19] [20] [21] [22] . Lack of satisfactory pain relief and effective medical interventions in primary dysmenorrhea leads to an uptake of self-care strategies by women [23] . Complementary medicine usage (such as herbal medicines or traditional remedies) is often a significant component of self-care [23, 24] . Many women already use various forms of complementary medicine to manage their menstrual pain in addition to, or instead of, pharmaceutical pain relief, due to a lack of perceived effectiveness [19, 22] or a dislike of using analgesic medication [25] .
The implications of normalising menstrual pain in conjunction with a lack of understanding of effective self-care strategies may lead to poor pain management. Given the link between pain intensity and negative outcomes, such as absenteeism, at school, university or work [26] ensuring that young women have access to effective self-care such as non-steroidal antiinflammatories (NSAIDs) [27] , the contraceptive pill [2] or effective non-pharmaceutical methods such as exercise [28] and heat [13] is vital. It is currently unclear what self-care strategies young women worldwide are using, if they are finding them effective, and what sources of information they are accessing to help make those decisions.
The aim of this systematic review and meta-analysis was to determine the prevalence and type(s) of self-care used for dysmenorrhea, the sources of information on menstruation used by young women under 25, and to explore any possible differences in both self-care and sources of information between low to middle income (LMIC) and high income (HIC) countries.
'symptoms', 'dysmennorhoea' and 'adolescen � '. The search and selection processes are outlined in Fig 1. The detailed search strategy is enclosed in S1 File. Only English language articles published in peer reviewed journals were included.
Observational studies (including cohort, cross-sectional, and case-control studies) were included. Studies were eligible if they specified that the participants were either at school or university (even if age was not reported) or were recruited from the broader community and included those aged �25 years. Eligible studies were those that included data on self-management strategies. Self-management could include either pharmacological (such as analgesic medication or the contraceptive pill) or non-pharmacological strategies (such as rest or herbal medicine). Studies which reported on secondary dysmenorrhea only were excluded as these would not represent the true prevalence rate or impact of dysmenorrhea. Studies which only reported qualitative data were not eligible for inclusion.
Data extraction
Two authors (MA, KP) assessed eligibility, while three authors (MA, KP, MaD) extracted the data independently and any disagreements were resolved by discussion. Where data were missing or unclear, the study authors were contacted via email to request the data. Authors were contacted twice over a 6-week period, and if no response was received within that period, the data was marked as missing. A systematic tool for data extraction was developed to extract all relevant information from eligible studies.
Data were extracted on all of the following outcomes (if reported): Study characteristics (location, demographics) were also extracted. Self-care usage, analgesic usage and non-pharmacological self-care were only included if overall figures were reported in studies (eg they were not assembled by adding together sub-categories (such as number using heat and number using exercise)) as these often-allowed multiple answers and would likely have given incorrect estimates. If effectiveness data was presented as a Likert scale (e.g. I think paracetamol helps my period pain) all positive scores (such as agree or most of the time) were considered as evidence of effectiveness while neutral and negative responses (such as no change or never) were considered as not showing evidence of effectiveness. Given the diversity of potential self-care approaches due to the cultural and geographic diversity of included studies, four common categories were chosen to allow a manageable analysis. This was based on a combination of our recent review of effective self-care in dysmenorrhea [13] as well as the authors expert opinion on common strategies. Rest included options such as laying down, having a nap and sleeping. Heat included hot baths, hot showers, heat packs or hot water bottles and herbal medicine included herbal teas, decoctions, pills or powders. Finally, if the type of medical or health professional was not specified, for example if women indicated they visited a clinic this was classified as 'Visited Other Health Professional' as there was insufficient data to determine the type of health professional seen.
Quality assessment
Quality assessment of the reporting of the included studies was performed independently and in duplicate by all authors with any disagreements resolved by a third party. The quality of reporting in each study was assessed using a condensed version of the STROBE guidelines that have been used in previous reviews [30, 31] . The modified guidelines contain thirteen questions which covered reporting on; selection methods, validity and reliability of measures, methods to deal with bias, sample sizes and conflicts of interest. Each author rated bias items as yes (bias present) or no/unclear (bias may be present).
Data synthesis and meta-analysis
A random-effects meta-analyses was conducted using Comprehensive Meta-Analysis software (Version 3). Data were pooled for each outcome where there were data from at least three independent studies. A random effects model was used to account for expected heterogeneity between studies. Statistical heterogeneity between studies was quantified using Cochran's Q and I 2 statistic, both of which provide estimates of the degree of heterogeneity resulting from between-study variance, rather than by chance. Cochran's Q with p-value of <0.05 was classified as significant heterogeneity, and I 2 of more than 75% was considered to indicate high level heterogeneity, I 2 of 50%-75% as indicative of substantial heterogeneity, and an I 2 of less than 40% as low heterogeneity. Pre-planned subgroup analyses were conducted to examine whether there was a difference in prevalence or impact in High income vs Low-Income, Lower-Middle-Income (LMIC) and Upper-Middle-Income (HIC) Economies (as classified by the World Bank [32] ) due to differences in access to suitable medical and/or social support and between those at school and university/tertiary education to see if there were changes related to age or increased knowledge of menstruation. Sub-group analyses were conducted if there were a minimum of three studies for each sub-group.
Results
Nine hundred and forty-seven studies were returned by our searches after duplicate studies were removed. Fifty-three full text articles were screened. Twenty-nine studies were excluded after screening; 12 due to reporting only qualitative data, 16 for not reporting on the use of self-care or sources of menstrual knowledge and one for not reporting an age range in a community-based study, Twenty-four studies including 12,536 young women were included in the analysis. All studies were cross-sectional quantitative studies. Nine studies (6,275 young women) were from HIC and 15 studies (6,261 young women) from LMIC.
Four studies were undertaken in Nigeria [33] [34] [35] [36] , three in Australia [15, 37, 38] and Iran [39] [40] [41] , two in Hong Kong [8, 22] and Mexico [14, 42] , and one each in the USA [7] , Taiwan [43] , Sweden [44] , Sri Lanka [45] , Saudi Arabia [46] , Malaysia [47] , India [48] , Ghana [49] , Ethiopia [50] and Brazil [51] . Study publication dates ranged from 1985 to 2018. Mean ages at the time of the survey ranged from 13 [51] to 23 years old [49] , with a median age of 19. Twelve studies did not report the mean age of the participants, but still met the inclusion criteria; ten were undertaken in schools, one at both school and university and one community study [37] reported a valid age range (14-19) but not the mean age. Fourteen studies reported on young women at school, six reported on young women at university or higher education, three recruited from a community population; one using online recruitment, one a mixture of online and postal and one where it was unclear, and one recruited from both school and university. Table 1 summarises the included studies. 
STROBE assessment on reporting quality
The results of the STROBE assessment for the 24 studies are summarised in S1 Table. Twentythree studies clearly reported their aim. Ten studies clearly reported their eligibility criteria, in addition one study reported the exclusion criteria only and one study reported very broad criteria. Thirteen studies used a form of random sampling. All 23 studies used questionnaires. Only five studies reported using validated measures, with three of these five studies lacking detail on how the measure was validated. Four studies reported a sample size calculation. Response rates ranged from 37% to 100%. Ten studies did not report response rates. Eight studies reported no conflict of interest, with one study reporting a potential conflict that was disclosed. The most common sources of bias were self-report bias, selection bias and responder bias, with recall bias also being present, but less common. Only two studies reported on methods used to minimise bias. 
Prevalence of dysmenorrhea
Overall prevalence rate for dysmenorrhea in the included studies was 78.5% (N = 18, n = 9668, 95% CI 73.7 to 82.7, Q = 718, P < 0.001, I 2 = 97.6). When analysed by economic status, the prevalence of dysmenorrhea was higher in HIC countries at 81.7% (N = 7, n = 4357, 95% CI 75.2 to 86.8, Q = 124, P < 0.001, I 2 = 95.1) than LMIC at 75.2% (N = 11, n = 5311, 95% CI 67.6
to 81.5, Q = 335, P < 0.001, I 2 = 97.0), but this difference was not significant (p = 0.159). Fig 2 presents the complete data for this comparison.
Self-care usage
Only five studies reported on the overall rate of self-care usage. Self-care was used by 55% of women in the included studies (N = 5, n = 1513, 95% CI 34.1 to 74.3, Q = 216, P < 0.001, I 2 = 98.1). There were not enough studies reporting on this outcome to perform subgroup analysis.
Pharmacological analgesia
Overall rates of pharmacological analgesia usage in the included studies was common, with just under half (48%) of women reporting using analgesics (N = 21, n = 9556, 95% CI 40.0 to 57.0, Q = 1246, P < 0.001, I 2 = 98.3). Three studies reported on the effectiveness of analgesic medication overall, where 31.5% of women reported that analgesic usage reduced their pain (N = 3, n = 3230, 95% CI 22.9 to 41.6, Q = 57, P < 0.001, I 2 = 96.5). Two studies looked at the self-reported effectiveness of paracetamol (57.8%, N = 2, n = 628, 95% CI 53.9 to 61.7, Q = 0.54, P = 0.46, I 2 = 0) and other NSAIDS (97.3% N = 2, n = 628, 95% CI 24.9 to 1.0, Q = 11, P = 0.001, I 2 = 91).
Contraceptive use
Very few studies reported on contraceptive usage. In the six studies reporting on this, contraceptive usage was significantly higher (P<0.001) in HIC (22%, N = 4, n = 3797, 95% CI 11.0 
Traditional, complementary or non-pharmacological interventions
Usage of complementary, traditional or non-pharmacological interventions to manage menstrual symptoms was common ( Rest was the most commonly used non-pharmacological intervention (44.6%) followed by heat (8%), herbal medicine or herbal teas (6.9%) and exercise (6.6%). Fig 5 presents the complete data for this comparison. There were not enough studies reporting on these outcomes to perform a subgroup analysis. There was only one study that reported on the effectiveness of these interventions, so no analysis was performed.
Medical consultations
Only 11% of women in the included studies reported visiting a medical doctor to discuss their period pain (N = 11, n = 9150, 95% CI 8.4 to 15.2, Q = 252, P<0.001, I 2 = 96). There was no difference in consultation rates between HIC (10.7%, N = 6, n = 5247, 95% CI 6.4 to 17.3, 
Other sources of information
Outside of medical consultations the most common sources of information about menstrual symptoms was family ( Only one study (n = 197) reported on the use of the internet (21.8%). There was no difference in rate of consulting these sources when comparing LMIC or HIC (all P>0.05). Young women at school (24.6%) were much more likely (P<0.001) to list teachers as a source of information on menstruation than those at university (3.6%).
Discussion
The overall rates of dysmenorrhea (78%) in the included studies were similar to our previous meta-analysis on worldwide prevalence rates (71.1%) [1] . The usage of self-care or self-management strategies was relatively common with just over half of women reporting using self-care. Both non-pharmacological strategies and analgesic usage were similarly prevalent. Family and friends, along with teachers were common sources of information and play a significant role in providing information about menstruation. Overall, analgesic usage did not provide sufficient relief to the majority of women taking it. Common NSAIDs, such as ibuprofen, naproxen and aspirin, are all superior to placebo for pain relief in primary dysmenorrhea, and there does not appear to be one particular type that is superior to others [52] . Paracetamol was the most common type of analgesic used by women in the included studies. This is a concern as paracetamol does not appear to be any more effective than a placebo [53] and is significantly less effective than NSAIDs [52] in reducing menstrual pain. This may explain why those women taking NSAIDs reported a much higher level Self-care and dysmenorrhea of effectiveness compared to paracetamol. In the absence of prior medical consultation, adolescent self-medication has shown to lead to less frequent doses being taken resulting in sub-optimal pain relief [18, 54] . This is a serious concern as higher pain levels are strongly correlated with greater academic disruption [45] .
The low usage of the oral contraceptive pill in the included studies is surprising, given that population surveys have shown an inverse relationship between contraceptive usage and selfreported period pain [55] [56] [57] and the combined oral contraceptive (COC) is commonly recommended as a second line of treatment for primary dysmenorrhea if NSAIDs have been unsuccessful [5, 58] . The reasons for the lower usage in LMIC may be influenced by cultural or religious factors, especially in young or unmarried women due to concerns that the COC promotes sexual promiscuity [12, 59] . Usage of COC in HIC was significantly higher, but still considerably lower than using analgesics, even though many women reported lack of effective pain relief with analgesics. This may at least in part stem from women's concerns around longterm health consequences of the COC, or due to side effects [60, 61] .
Rest was the most common non-pharmacological self-management strategy, with exercise, heat and herbal medicine being used by less than one in ten young women in the included studies. Exercise, especially low intensity exercise such as stretching or yoga, and heat are both effective self-management strategies for primary dysmenorrhea [13] and may be a useful alternative or adjunct to analgesic medications, especially in women who do not respond to analgesics.
Knowledge of dysmenorrhea from non-medical sources, such as family, friends and teachers were common. The normality of period pain may be reinforced by speaking to female family members (such as mothers or sisters) and peers as it is very likely that they will have had period pain [19, 62] . The concept of having to endure menstrual pain and symptoms as an integral part of female life is common amongst women with dysmenorrhea [6, [63] [64] [65] , with even medical students not visiting their doctor when having period pain [66] . This is consistent with the concept that women "assemble" an idea of a normal period from their own experiences [67] . This normalisation of pain is likely to be a contributing factor to the usage of selfcare rather than seeking medical intervention, leading to the low rates of visiting health professionals seen in the included studies.
There are a number of strengths in this systematic review and meta-analysis. We searched for articles across a range of databases and used dual data extraction via a pre-specified data extraction form to ensure rigorous data collection. Decisions on how to determine a country's status used the four tier World Bank system [32] rather than the more simplified 'developing' or 'developed' bipartite classification. There are a number of limitations that must be acknowledged. First, we did not search in languages other than English, so there may be a number of non-English language papers that were not included. Second, there were significant inconsistences in reporting between surveys, especially with respect to the types of self-care used. Many surveys reported the use of regionally specific brand names for medications. While these were classified where possible, often information was not available in English. This may have resulted in under reporting the usage of specific medication types. Finally, the number of individual non-pharmacological self-care categories was limited to those which are commonly used in western countries and may not have represented the diversity of different self-care measures in different areas.
Since most young women do not seek medical advice, it would be prudent to ensure that the sources of advice they do consult; family, friends and teachers, as well as the young women themselves are suitably equipped. This could be achieved via well designed educational interventions; either delivered face to face, online or as a mixture of these. Teachers, in an Australian context particularly Health and Physical Education (HPE) teachers, can provide an effective means of providing all children and young people with the menstrual health literacy needed to manage menstruation and menstrual symptoms. With such a significant uptake of self-care options, teachers need to ensure they are informed on a range of effective complementary, traditional or non-pharmacological interventions to manage menstrual symptoms. Ideally this education on effective self-care would be given either prior to or approximating menarche, before the concept of period pain being 'normal' and needing to be 'endured' is firmly established in young women.
Conclusions
Dysmenorrhea was common amongst young women, and the majority of self-care was undertaken without medical advice. Use of paracetamol, a less effective analgesic in treating period pain, was common compared to ibuprofen or other types of NSAIDs. Less than half of young women reported that they received satisfactory relief from analgesics in general. The use of the oral contraceptive pill was very low amongst young women in LMIC, likely due to cultural or religious beliefs around its use. Educational interventions which discuss the effective use of NSAIDs, and the incorporation of effective non-pharmacological management strategies, such as using exercise and heat, should be offered as these are likely to reduce the negative impact of dysmenorrhea on young women. 
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